Diving into the Gene Pool
Primary Objectives:

Students will:

· Realize that parents pass along physical characteristics to their offspring.
· Identify the structure and function of DNA.
· Recognize that some characteristics are inherited while others result from interactions with the environment.
· Explain the relationship between genes and inherited traits.
· Predict the outcome of a cross between parents of known genotype.
· Explain the differences between dominant and recessive traits.
· Use a Punnett square to predict the genotypes of offspring 
· Draw a phenotypically accurate picture of an individual whose traits are modeled by the role of a die.
· Predict the probable appearance of an offspring based its inherited genetic characteristics 
Examples of Possible Academic Standards to Incorporate:

Kindergarten:

· 7.1.1 Recognize that many things are made of parts.
· 7.1.1 Use puzzles to determine that there are many parts that make up a whole.

· 7.1.2 Use building blocks to create a whole from the parts.

· 7.1.3 Take apart an object and describe how the parts work together.
· 7.2.2 Use the senses to investigate and describe an object.
· 7.2.2 Know that people interact with their environment through their senses.
· 7.4.2 Observe that offspring resemble their parents.
· 7.4.2 Match pictures of seedlings to adult plants and a juvenile to the adult animal.
1st Grade:
· 7.3.1 Recognize that plants and animals are living things that grow and change over time.
· 7.4.2 Describe ways in which animals closely resemble their parents.
· 7.4.2 Match pictures of parents and related offspring by identifying common characteristics.
· 7.1.3 Make diagrams to record and communicate observations.
· 7.1.1 Recognize that living things have parts that work together.
2nd Grade:
· 7.1.1 Recognize that plants and animals are made up of smaller parts . . .

· 7.4.2 Realize that parents pass along physical characteristics to their offspring.
· 7.4.4 Create a graphic organizer that compares observable traits that offspring share with their parents.
· 7.4.3 Look for similarities in pictures of members from the same human family.
3rd Grade:
· 7.1.1 Use magnifiers to make observations of specific plant and animal body parts and describe their functions.
· 7.4.2 Recognize common human characteristics that are transmitted from parents to offspring.
· 7.4.4 Draw conclusions about the similarities and differences between parents and their offspring.
· 7.4.5 Make a list of human characteristics that are transmitted from parents to their offspring.
· 7.4.2 Distinguish between characteristics that are transmitted from parents to offspring and those that are not.

4th Grade:
· 7.1.1 Recognize that cells are the building blocks of all living things.
· 7.4.1 Recognize the relationship between reproduction and the continuation of a species.
· Inq.2 Use appropriate tools and techniques to gather, organize, analyze, and interpret data.
· Inq.5 Communicate scientific understanding using descriptions, explanations, and models.
· Inq.3 Interpret and translate data in a table, graph, or diagram.
· Inq.1 Design a simple experimental procedure with an identified control and appropriate variables.
· .Inq.5 Design a method to explain the results of an investigation using descriptions, explanations, or models.
· Inq.4 Draw a conclusion that establishes a cause and effect relationship supported by evidence.

5th Grade:
· 7.1.1 Distinguish between the basic structures and functions of plant and animal cells.

· 7.4.1 Describe how genetic information is passed from parents to offspring during reproduction.
· 7.4.2 Recognize that some characteristics are inherited while others result from interactions with the environment.

· 7.4.1 Explain how genetic information is transmitted from parents to offspring.

· 7.4.2 Distinguish between inherited traits and those that can be attributed to the environment.

· 7.4.1 Recognize that information is passed from parent to offspring during reproduction.
6th Grade:
· Inq.2 Use appropriate tools and techniques to gather, organize, analyze, and interpret data.
· Inq.5 Communicate scientific understanding using descriptions, explanations, and models.
· Inq.3 Interpret and translate data in a table, graph, or diagram.
· Inq.1 Design a simple experimental procedure with an identified control and appropriate variables.
· .Inq.5 Design a method to explain the results of an investigation using descriptions, explanations, or models.
· Inq.4 Draw a conclusion that establishes a cause and effect relationship supported by evidence.

7th Grade:
· 7.4.2 Demonstrate an understanding of sexual reproduction in flowering plants.

· 7.4.3 Explain the relationship among genes, chromosomes, and inherited traits.

· 7.4.4 Predict the probable appearance of offspring based on the genetic characteristics of the parents.
· 7.4.4 Investigate the relationship among DNA, genes, and chromosomes.

· 7.4.5 Explain the differences between dominant and recessive traits.
· 7.4.6 Use a Punnett square to predict the genotypes of offspring resulting from a monohybrid cross.
· 7.4.7 Draw a phenotypically accurate picture of an individual whose traits are modeled by the role of a die.
· 7.4.3 Describe the relationship among genes, chromosomes, and inherited traits.

· 7.4.4 Interpret a Punnett square to predict possible genetic combinations passed from parents to offspring during sexual reproduction.
8th Grade:
· Inq.2 Use appropriate tools and techniques to gather, organize, analyze, and interpret data.
· Inq.5 Communicate scientific understanding using descriptions, explanations, and models.
· Inq.3 Interpret and translate data in a table, graph, or diagram.
· Inq.1 Design a simple experimental procedure with an identified control and appropriate variables.
· .Inq.5 Design a method to explain the results of an investigation using descriptions, explanations, or models.
· Inq.4 Draw a conclusion that establishes a cause and effect relationship supported by evidence.

High School: Biology I
· Math.1 Interpret a graph that depicts a biological phenomenon.

· Math.1 Choose and construct appropriate graphical representations for a data set.

· Math.2 Predict the outcome of a cross between parents of known genotype.

· Math.2 Analyze graphs to interpret biological events.

· 10.4.2 Describe the relationships among genes, chromosomes, proteins, and hereditary traits.

· 10.4.1 Use models of DNA, RNA, and amino acids to explain replication and protein synthesis.

· 10.4.1 Identify the structure and function of DNA.

· 10.4.2 Associate the process of DNA replication with its biological significance.

· 10.4.3 Recognize the interactions between DNA and RNA during protein synthesis.

· 10.4.3 Apply data to complete and interpret a genetic pedigree.

· 3210.4.4 Determine the probability of a particular trait in an offspring based on the genotype of the parents and the particular mode of inheritance.

· 10.4.5 Apply pedigree data to interpret various modes of genetic inheritance.

· 10.4.6 Describe the connection between mutations and human genetic disorders.

· 10.4.7 Assess the scientific and ethical ramifications of emerging genetic technologies.

Examples of Possible Academic Vocabulary to Incorporate:

Kindergarten:
· air 

· animal 

· change 

· collect 

· color 

· growth 

· moon 

· natural 

· observe 

· parts 

· senses 

· shape 

· size 
· tools 

1st Grade:
· adult 

· classify 

· environment 

· invent 

· investigate 

· life cycle 

· living/non-living 

· location 

· matter 

· mixed 

· plant 

· prediction 

· property 

· texture
2nd Grade:
· compare/contrast 

· depend 

· distance 

· energy 

· infer 

· investigate 

· observation 

· offspring 

· organism 

· parent 

· reasoning 

· renewable/non-renewable 

· scientific inquiry 

· scientist 

· similarities/differences 

· transform 

· type 

3rd Grade:
· cross section 

· heredity 

· mixture 

· physical change 

· threatened 

· thriving 

4th Grade:
· cell and cell parts 

· metamorphosis 

· physical adaptation 

· physical change 

· reproduction 

5th Grade:
· chemical properties 

· inherited traits 
6th Grade:
· adaptive engineered 

· technologies 

· assistive engineered 

· technologies 

· bias 

· cause and effect 

· control 

· criteria 

· design constraint 

· protocol 

· prototype 

· variable 

7th Grade:
· asexual reproduction 

· cell division 

· chromosome 

· dominant trait 

· gene 

· genetic characteristic 

· genetic engineering 

· genotype 

· monohybrid cross 

· phenomenon 

· phenotype 

· Punnett square 

· recessive trait 

· sexual reproduction 

· simple machines 

· synthesize 

· tissue 

8th Grade:
· base 

· biodiversity 

· family 

· order 

· reactant 

· species 

· variation 

High School: Biology

· cloning 

· convergent/divergent evolution 

· DNA fingerprint 

· dihybrid cross 

· evolution 

· innate/learned behavior 

· mitochondrial DNA 

· modes of inheritance 

· (incomplete dominance, 

· multiple alleles, 

· polygenic) 

· mutation 

· natural selection 

· pedigree 

· protein synthesis 

· RNA
Diving into the Gene Pool
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Ever hear the phrase ‘Like father like son?’ In this lesson, we’re going to learn all about how you  inherit your looks, height, size and chemical make-up from your parents! You’ll also meet 19th century scientist Gregor Mendel, who used short and tall pea plants to study heredity, If you’ve always wanted to know why you’re taller than your parents, or why you have blue eyes when your parents have brown eyes, then check out genetics!
Genetics is the branch of science that studies how traits are passed down from one generation to another. DNA and genetics research is advancing rapidly, and with every development it is clearer that understanding DNA and genetics is a fundamental part of science literacy.
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Unit 1, Section 1: Thank You, Peas!
You, your family, and your neighbors all belong to the species Homo sapiens, but as we’ve learned each of you differ slightly from each other genetically. Some of these differences are visible—for example, height and skin color. Other differences, such as metabolism and hormone levels, are more subtle. Members of any given plant species vary in similar ways—some are taller some are more drought-resistant, and so on. 

These variations between individuals in a species are one of the driving forces behind evolution: The plants (or animals or other living things) best adapted to their environments are the most likely to survive and reproduce their traits. The enormous range of environments on earth has produced an even more impressive range of adaptations. The result, after millions of years, is the biodiversity we see today.

What do a tomato and a bacterium have in common? They both rely on the DNA molecule to direct their functions and characteristics. While each species has its own unique combination of DNA, called its genome, the molecule works by the same rules in all living organisms. In nature, the highest priority of a plant, animal, insect, or any living thing  is to reproduce itself. In the garden, the highest priority for that plant will be determined by the gardener’s intentions, which she’ll fulfill by taking advantage of how the plant reproduces itself. If she wants taller stalks, for instance, she’ll force the plant to breed with another of its kind that’s tall through pollination. The likely result will be offspring—known as hybrids—with taller stalks than the original plant.

For millennia, farmers and gardeners without any knowledge of genetics have used this forced breeding to bring out plant traits that are useful for humans. They then save the seeds from the plants they like best, in effect passing along those qualities to future generations. The people performing these unnatural plant crosses 10,000 years ago were the original genetic manipulators. Their plant hybridization was the earliest practice of agriculture.

[image: image12.emf]In the 12,000 years that followed, these geneticists, plant breeders, became extraordinarily adept at creating hybrids, which naturally happen in nature, but at a must faster rate and their manipulations led to nearly all of the food we see on our tables today. 
Throughout most of human history, the reason why an organism looks like its parents, and its offspring looked like it was not known. Around 1859 an Austrian monk named Gregor Mendel was experimenting with pea plants in his monastery’s garden.  He wanted to find out how life forms, like pea plants, pass physical characteristics, also called traits, from one generation to the next, or from parent to child 
But, wait,  before we can understand what Mendel did, we have to understand what he was using to do it. Confusing? Don’t worry, you’ll soon understand. 

What is pollen and pollination, and [image: image13.emf]who are pollinators?
Before flowers can produce they must be pollinated. Pollination is the transfer of pollen by pollinators, wind, or other means.  This happens when pollen, which is made in the stamen (the male part of the flower), is moved onto the pistil (the female part of the flower). Show kids the parts of the real flowers you have. Once pollination takes place, the plants make seeds. Pollination is an important part of a plant’s life cycle, from flowering plants to non-flowering ones. Ask kids why bees need to pollinate. Without pollination, most plants could not make fruit or seeds.
Pollination usually occurs naturally (open pollination), and most often as the result of insects, birds, and small mammals. The sticky pollen from flowering plants clings to their bodies, where it is carried from one plant to another. Honeybees carry out more pollination then any other insect, which includes ants, beetles, butterflies and moths. Birds are also responsible for pollination, especially hummingbirds. Small mammals, such as bats, are pollinators as well. Discuss the role of insects and other pollinators with kids as well as the various ways that flowers attract them. When plants are pollinated by insects, it seems like some kind of agreement was made whereby the plant will provide the insect with something, if the insect will pollinate the plant's flowers in return. Although the plant and the insect may benefit because of their relationship with each other, the insect visiting a flower usually does not purposefully pollinate the flower.
[image: image14.emf]An insect can pollinate flowers accidentally when the pollen is rubbed off the body of the insect. For example, honey bees are very important insect pollinators, one-third of all of our food comes directly or indirectly from bee-pollinated crop plants. Most of the time, both honey bees and the plants they visit are benefited. The honey bee gets some food and the plant gets pollinated. When a honey bee is collecting pollen from the anthers (male reproductive part) of a flower, it puts the pollen in special pollen baskets on its hind legs. All that pollen will be taken back to the hive for the bees' use. The honey bee is a messy gatherer of food, and some pollen gets stuck on the hairs of its body. When the bee visits the next flower, some of that pollen brushes off onto the flower and if it sticks to the stigma (female reproductive part) of the flower, pollination will take place. The bee does not make any effort to put the pollen in the right place, or even on the same type of flower. Bring out pipe cleaners and explain that they represent the bees. Show students how to use the pipe cleaner to pick up pollen from the stamen. Then take the pipe cleaner to another flower and show how the pollen would be deposited on the stigma to complete fertilization. 

 Plants can produce nectar within flowers, a sugary liquid, which many insects feed on. Pollen is a useful source of food for some insects, such as bees. Insects are attracted to the flower by scent, colours and nectar. They carry pollen from flower to flower, while collecting nectar and pollen for themselves, for food. 
The color or markings of a particular flower help attract and guide insects to them for pollination. For instance, bees are oftentimes attracted to bright blue and violet colours. Hummingbirds are often seen on red, pink, fuchsia, or purple flowers. Butterflies also enjoy bright colors such as yellow, orange, pink and red as well as fragrant ones. 

A flower’s fragrance is another method of attraction, especially at night when moths and bats are out. The way in which a flower is shaped also attracts pollinators. For instance, butterflies prefer those having flat petals that act like a landing strip for them to sit on. Long, tubular flowers attract hummingbirds as their long beaks can easily fit into the flower when gathering nectar. Hummingbirds hover in front of flowers while they collect nectar. They use so much energy to do this that it would be like you needing to eat 150kg/331lbs of hamburgers every day!
[image: image15.emf]Pollination is also carried out by wind. Wind-blown pollen is normally dry and dust-like, which is good because it would be hard for the sticky kind of pollen to blow around. Wind-pollinated plants are generally not as flashy as others are because they don’t have to attract bugs. The wind doesn’t have eyes. These plants consist of feathery-looking flowers. Many trees and grasses rely on wind for pollination too. Occasionally, pollination can occur by other means. For instance, water can sometimes carry pollen from one plant to another. This often takes place with pond plants, such as pondweed. 

There are two methods of pollination. Cross-pollination is the most common and occurs when the pollen goes from the stamen of one flower to the pistil of another flower. Self-pollination takes place when pollen is transferred from the stamen of one flower to the pistil of the same flower or plant.  Ask students what they think might happen if a bee brought pollen from the stamen of a red flower to the pistil of a white flower? What kind of seeds would it make?  You might get a whole new kind of that plant to grow, one making pink flowers. Cross-pollination between different types of plants, even among slightly different kinds of the same plants, gives us a wide variety of different kinds of plants, flowers, fruits and vegetables, and actually makes the plants healthier. The different pollens give the plant species greater opportunity to produce even more new varieties.
[image: image16.emf]Crossbreeding doesn’t only occur with plants! Sometimes it happens among animals sometimes too. 
Did you know that animals called camas, ligers, tigons or zorses exist? They do. They've been around for as long as man has, although they're extremely rare. Like the Liger: mix between a lion and a tiger. They are the largest of all living cats and felines. Their massive size may be a result of imprinted genes which are not fully expressed in their parents, but are left unchecked when the two different species mate. Some female ligers can grow to 10 feet in length and weigh more than 700 pounds. 

[image: image17.emf]Ligers are distinct from tigons, which come from a female lion and male tiger. Various other big cat hybrids have been created too, including leopons (a leopard and a lion mix), jaguleps (a jaguar and leopard mix), and even lijaguleps (a lion and jagulep mix).Photo copyright: Andy Carvin
Wolf Dog:

Dogs and wolves tend to crossbreed rather freely.
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Zebroid
A zorse is the result of crossbreeding a horse and a [image: image20.jpg]


zebra. A zonkey is the result of crossbreeding a donkey with a zebra. The Zony is the result of crossbreeding a pony to a zebra. All these three are called zebroids – defined as a cross between a zebra and any other equid. Zebroids are preferred over zebra for practical uses such as riding because of its body shape. However it is more inclined to be temperamental and can prove to be difficult to handle. 
Grolar, Pizzly
A grolar/pizzly hybrid is the product of a grizzly bear and a polar bear. Although the two bears are genetically similar, they tend to avoid each other in the wild, but mixes can happen. 
Leopon
A Leopon is the result of breeding a male leopard and a female lion. The head of the animal is similar to that of a lion while the rest of the bodies carries similarities to leopards. The most successful breeding programm was at the Koshien Hanshin Park in Nishinomiya City, Japan. Leopons are larger than leopards and like to climb and enjoy water.
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Ti-Liger, Ti-Tigon, Li-Tigon, Li-Liger
The top spot goes to ti-ligers/ti-tigon/li-tigons/li-ligers because it is a hybrid among the hybrids. It is a cross breed between a male tiger and a female liger/tigon or a male lion with a female tigon/liger. Do note that female ligers or tigons are fertile. They are extremely rare and are in mostly private ownership within a behavioural studies programme. In the case of ti-ligers, they have unusual striping where it breaks up and display a blotchy appearance. Since they are 3/4 tiger, their characteristics inhibit more of those of a tiger than a lion. 
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Extensions:

The Pollination Game by Richard Price and Julia Willison
By getting students to play the part of a flower they can learn in a fun and active way about how flowers are pollinated.  It's not expensive to make a bee and flower kit, it just takes a little time and imagination.  Below are sample materials that can be used to make your kit. 

For the flowers:
· Petals. These can be made out of cardboard or cardstock.  You need to make 8 individual petals

· Stigmas.  Woolly hats or balaclavas

· Anthers. 8 woolly socks

· Pollen. 32 pingpong balls with velcro stuck on.  The velcro is to help the pingpong balls stick to the "stigma", "anthers" and "bee".  We painted half the pingpong balls yellow and the other half orange to distinguish the pollen in the two flowers.

· Nectar 2 drinking containers with straws attached.  Soda bottles or sports water bottles work well
For the bee:
You can make the bee's outfit as simple or elaborate as you like.  We used:

· a woolly jumper

· black and yellow striped trousers

· a hat with antennae

· sun glasses

· wings made out of wire coat hangers and a pair of nylon tights

[image: image22.wmf]How to Play the Pollination Game

First build the flowers.  You need nine students for each flower: 

· four for the petals

· four for the anthers (get them to put the woolly socks on their hands)

· one for the stigma (get one of the students to put the woolly hat on their head)

You can use fewer students by getting those students who are holding the petals to also be the anthers.

Stick the pollen (pingpong balls) to the anthers, make sure you keep the colours separate on each set of anthers.  Ask the students to arrange themselves as a flower and put the nectar in the centre.

Discuss with the students why they think bees visit flowers and what they think happens when they do.  

Bring in the bee!  Ask the bee to buzz over and visit one of the flowers.  Transfer the pollen from the anthers to the bee.  Discuss with the students what they think happens next. 

Ask the bee to visit the second flower.  Transfer the pollen from the bee to the stigma, and the pollen from the anthers to the bee.  Discuss with the students about what is happening and what will happen next.
Yo, I’m a Flower

By: Billy B.

Yo I’m a flower, here comes the bee

She wants to get, nectar from me

My dusty pollen, she will also carry

It will stick to her body,

Because her body is hairy

To the other flowers, that bee will go

With my pollen, which will quickly grow

Into the middle of that flower,

Then the flower makes seeds

The seeds will sprout, into plants with leaves

CHORUS

Plants have flowers

Flowers make seeds

It’s the reproductive power,

Every plant needs

Around the seed the fruit might grow

Like an apple or tomato

Every fruit, grew from a flower

On a stem, using solar power

Every leaf, makes sugar from the sun

It sweetens the nectar,

So the bees need some

Then bees make honey, food for the hive

So both the flowers and bees,

Work together to survive.
Game:

Divide the area you plan to use into two equal-sized spaces (use lines on your sports field or netball court, or a long rope and posts to measure the space out).

Place a cardboard ‘bee hive’ with a jar on top at the end of each space to collect nectar. 

Explain to the children that each space represents a different habitat: 

· A ‘bee-friendly' habitat with lots of flowering plants, where no artificial pesticides are used to control insect ‘pests’.

· An ‘improved’ habitat with very few flowering plants, where artificial pesticides are used to control insect ‘pests’.

Arrange cardboard flowers randomly in each habitat. Use fewer flowers spaced further apart in the ‘improved’ habitat, and more flowers placed closer together in the bee-friendly habitat.  

Pour coloured water (‘nectar’) into the cardboard flower cups. Use different coloured water for the flowers in each habitat. 

Now go!

Divide the group into two evenly sized teams, each with its own bee hive. Ask each team to line up along one end of their habitat. 

Explain that their task is to work together as a community to collect nectar from the flowers in their habitat, using pipettes or straws (the equivalent of a bee’s proboscis - the tube bees use to suck up nectar from the inside of flowers). 

Each team is to visit all the flowers in their habitat only, using their straw or pipette to suck up the coloured water, or ‘nectar’ from the flowers and returning to the hive to deposit it into the jar.  (Explain that the two habitats are too far apart for bees to travel between). 

Keep the game going until the bees from the ‘improved’ habitat have collected all of their nectar and can no longer find any food. 

Leave the game going a little longer so the ‘improved habitat’ team can see that the other team are still able to collect nectar and keep going. Once they start saying ‘that’s not fair’, stop the game.

Measure the amount of ‘nectar’ collected in each ‘hive'. See who has been able to collect more. (It should be the team representing the bee-friendly habitat). Discuss what happened and why.
1. Crossbreeding ________________ only occur with plants!

2. [image: image23.wmf]A flower’s ________________ is another method of attraction.

3. Plants can produce ________________ within flowers, a sugary liquid, which many ________________ feed on.
4. ________________, which is made in the ________________  (the male part of the flower), is moved onto the ________________  (the female part of the flower) by pollinators.
5. Around 1859 an Austrian monk named ________________ experimented with ________________ plants in his monastery’s garden.  
6. ________________occurs when the pollen goes from the stamen of one flower to the pistil of another flower. 
7. ________________takes place when pollen is transferred from the stamen of one flower to the pistil of the same flower or plant.
8. [image: image24.wmf]Insects are attracted to a flower by scent, ________________ and nectar. 
9. ________________were the original genetic manipulators. 
10.  A bee ________________ not make any effort to put the pollen in the right place, or even on the same type of flower.
11. ________________ is the transfer of pollen by pollinators, wind, or other means.
Unit 1, Section 2: Back to Mendel…
So, let’s take our understanding of pollination and pollinators and apply it to Mendel. When Mendel cross pollinated the pea plants, Mendel carefully controlled which plants reproduced, and tracked how each of these traits was passed on from generation to generation. Remember, cross pollination means that Gregor Mendel took pollen from a pea plant which he selected, and acting like a giant thinking bee, he put that pollen on another pea plant he selected. He cross-pollinated pea plants with different colored flowers and differently shaped peas to see what the resulting offspring would look like.  Pairings like this happen naturally in the wild, in a more random way, thanks to bees and other pollinators carrying pollen from plant to plant

By precisely controlling it and keeping careful records, Mendel took hybridization a step further. 
Gregor Mendel was the father of modern genetics. He kept track of a number of traits over several generations, including: 

· Color of the Seeds 

· Plant Height 

· Whether the Pod was Smooth or Pinched 

· Shape of the Seeds 
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In his early experiments Mendel took pollen from short stemmed pea plants, and put it on other short stemmed pea plants. The result, as you might expect, is that all the off spring were all short stemmed pea plants. Mendel called these true breeders, because all the offspring were the same as the parents. 

He then took pollen from long stemmed pea plants, and put it on other long stemmed pea plants. What do you thing the result was? If you guessed that all the offspring would also be long stemmed, then you made the same guess as Gregor Mendel. Interestingly, this was not the result. Some of the long stemmed parent plants produced only tall offspring, as you would expect. However, some of the long stemmed pea plants also produced short stemmed offspring. How could this happen?
[image: image26.wmf]Gregor Mendel discovered that some of the tall pea plants were true breeders, meaning that they only produced other tall pea plants, while others of the tall plants were not true breeders, because they produced a mixed offspring of both tall and short plants.
Next Mendel took the pollen from true breeding tall pea plants, and put it on true breeding short plants. He called these true breeding parent plants the P1 generation. He wanted to find out which trait would be passed to the offspring, the trait for being tall, or the trait for being short. What do you think happened?
To his surprise, all of the offspring were tall. Mendel called this second generation of plants the F1 generation. The trait for short stemmed plants seemed to have simply disappeared. Finally, Gregor Mendel took pollen from this F1 generation of pea plants, and put it on other pea plants in the same F1 generation. What do you think happened? 
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Amazingly, the short stemmed trait reappeared. Some of the offspring were short pea plants!

Gregor Mendel realized something very important. He realized that every plant had not one, but two genes for each trait. This meant that every pea plant could have two tall genes, two short genes, or a tall and a short gene.
If a plant inherited two tall genes, how do you think it would grow? Well, there is no short gene, so the plant will grow to become a tall plant. What if a plant has two short genes? Because there is no tall gene, the plant will be short. But what will happen if a plant has both a tall gene, and a short gene? 

When he bred plants with different traits, he found patterns in the appearance of the new plants. He concluded that some genes are dominant and other ones are recessive. Dominant genes hide other genes that are present, and the trait corresponding to that gene will appear. Traits represented by recessive genes will only appear when the dominant gene is not present. 

This means that if a pea plant has both a tall gene, and a short gene, the tall gene, which is dominant will make the plant grow tall. The short gene is still there, and can still be passed on to future generations of plants, which might be short.

Gregor Mendel developed a hypothesis about how genes are passed from parents to their offspring. This hypothesis, which scientists still use today, says that [image: image28.jpg]


a pea plant (And all other life forms) have two genes, for tallness, making a gene pair. They also have a gene pair for every other trait, including seed shape, seed color, or in humans, eye color, hair color skin color, etc. 

 When reproducing, each parent can pass only one gene to their offspring, from each gene pair. This means that the offspring will inherit one gene from each parent, making a new gene pair.
This means that if your father has two genes for brown hair, and your mother has two genes for blonde hair, what will you inherit? You will receive one brown hair gene from your father, and one blonde hair gene from your mother. Your gene pair for hair color will be brown – blonde.
One of the easiest ways to calculate the mathematical probability of inheriting a specific trait was invented by an early 20th century English geneticist named Reginald Punnett.  In 1908, Punnett was asked at a lecture to explain why recessive phenotypes still persist — if brown eyes were dominant, then why wasn't the whole country becoming brown-eyed? Punnett couldn't answer the question to his own satisfaction. Punnett helped publish the first account of gene linkage in sweet peas and Punnett developed a technique to depict the number and variety of genetic combinations. His technique employs what we now call a Punnett square, which looks an awful lot like a tic tac toe grid, but instead of X’s and O’s it’s filled with genotypes, which show you what the genotypes and phenotypes will be.  This is a simple graphical way of discovering all of the potential combinations of genotypes that can occur in children, given the genotypes of their [image: image29.jpg]


 parents.  It also shows us the odds of each of the offspring genotypes occurring. So what is a genotype and a phenotype? 
[image: image30.jpg]


A phenotype is any observable characteristic or trait of an organism, anything you can see. It’s easier to remember if you think of p and physical starts with p. So phenotype is the physical traits you can see. So what do you think genotype is? Genotype is an organism's full hereditary information, even if not expressed, or shown. It’s what’s in their genes. You might have a gene in your genotype for red hair, but your phenotype is brown hair. It doesn’t matter if you can’t see it, that red hair gene is part of your genotype, part of your genes, and both genotype and genes start with g. Or in Mendel’s case. A pea plant can be green, but still have a gene in it’s genotype for yellow, that it can pass on to its offspring.
`Setting up and using a Punnett square, is quite simple once you understand how it works.  You begin by drawing a grid of perpendicular lines: (demonstrate for students)
Scientists write gene pairs by using capital and lowercase letters. (TT, Tt, tt) The capital letter represents a dominant gene, while the lower case letter indicates a recessive gene. 
Next, you put the genotype of one parent across the top and that of the other parent down the left side.  For example, if parent pea plant genotypes were YY and GG respectively, the setup would be:

[image: image31.jpg]


                                     

Note that only one letter goes in each box for the parents.   It does not matter which parent is on the side or the top of the Punnett square.  

Next, all you have to do is fill in the boxes by copying the row and column-head letters across or down into the empty squares.  This gives us the predicted frequency of all of the potential genotypes among the offspring each time reproduction occurs.
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In this example, 100% of the offspring will likely be heterozygous (YG).  Since the Y (yellow) allele is dominant over the G (green) allele for pea plants, 100% of the YG offspring will be yellow, they’ll have a yellow phenotype, as Mendel observed in his breeding experiments.

In another example (shown below), if the parent plants both have heterozygous (YG) genotypes, there will be 25% YY, 50% YG, and 25% GG offspring on average.  These percentages are determined based on the fact that each of the 4 offspring boxes in a Punnett square is 25% (1 out of 4).  As to phenotypes, 75% will be Y and only 25% will be G.  These will be the odds every time a new offspring is conceived by parents with YG genotypes. 

[image: image32.wmf]An offspring's genotype is the result of the combination of genes in the sex cells or gametes (sperm and ova) that came together in its conception.  One sex cell came from each parent.  Sex cells normally only have one copy of the gene for each trait (e.g., one copy of the Y or G form of the gene in the example above).  Each of the two Punnett square boxes in which the parent genes for a trait are placed (across the top or on the left side) actually represents one of the two possible genotypes for a parent sex cell.  Which of the two parental copies of a gene is inherited depends on which sex cell is inherited--it is a matter of chance.  By placing each of the two copies in its own box has the effect of giving it a 50% chance of being inherited.
Why is it important for you to know about Punnett squares?  The answer is that they can be used as predictive tools when considering having children.  Let us assume, for instance, that both you and your mate are carriers for a particularly scary genetically inherited disease such as cystic fibrosis.   Of course, you are worried about whether your children will be healthy and normal.   For this example, let us define "A" as being the dominant normal allele and "a" as the recessive abnormal one that is responsible for cystic fibrosis.  As carriers, you and your mate are both heterozygous (Aa).  This disease only afflicts those who are homozygous recessive (aa).  The Punnett square below makes it clear that at each birth, there will be a 25% chance of you having a normal homozygous (AA) child, a 50% chance of a healthy heterozygous (Aa) carrier child like you and your mate, and a 25% chance of a homozygous recessive (aa) child who probably will eventually die from this condition.
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	If both parents are carriers of the recessive
allele for a disorder, all of their children will
face the following odds of inheriting it:
25% chance of having the recessive disorder
50% chance of being a healthy carrier
25% chance of being healthy and not have
        the recessive allele at all


If a carrier (Aa) for such a recessive disease mates with someone who has it (aa), the likelihood of their children also inheriting the condition is far greater (as shown below).  On average, half of the children will be heterozygous (Aa) and, therefore, carriers.  The remaining half will inherit 2 recessive alleles (aa) and develop the disease. 
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	If one parent is a carrier and the other has a
recessive disorder, their children will have the
following odds of inheriting it:
50% chance of being a healthy carrier
50% chance having the recessive disorder


It is likely that every one of us is a carrier for a large number of recessive alleles.   Some of these alleles can cause life-threatening defects if they are inherited from both parents.  In addition to cystic fibrosis, albinism, and beta-thalassemia are recessive disorders.

Some disorders are caused by dominant alleles for genes.  Inheriting just one copy of such a dominant allele will cause the disorder.  This is the case with Huntington disease, achondroplastic dwarfism, and polydactyly.  People who are heterozygous (Aa) are not healthy carriers.  They have the disorder just like homozygous dominant (AA) individuals.
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	If only one parent has a single copy of a
dominant allele for a dominant disorder,
their children will have a 50% chance of
inheriting the disorder and 50% chance
of being entirely normal.


Punnett squares are standard tools used by genetic counselors.  Theoretically, the likelihood of inheriting many traits, including useful ones, can be predicted using them.   It is also possible to construct squares for more than one trait at a time.   However, some traits are not inherited with the simple mathematical probability suggested here.

Now, lets return to our discussion about pea plants. In Mendel's experiments, he put the pollen from true breeding tall pea plants (TT) on true breeding short (tt) pea plants. (Demonstrate what this would look like on a Punett square on the board) Remember, each parent can only pass one gene to the offspring. What will the gene pair look like for the offspring? They will all be (Tt), having one tall gene, and one short gene.
Next he took the pollen from these plants (Tt) and put it on other (Tt) plants. What will the offspring's gene pair look like? This is a bit more tricky isn't it. Some of the plants will inherit a (T) from the mother plant, and a (T) from the father plant. Some of the offspring will inherit a (t) from the mother, and a (T) from the father. Some will inherit a (T) from the mother, and a (t) from the father, and some will inherit a (t) from the mother, and a (t) from the father.
All the (TT), (Tt), and (tT) plants will be tall. This is because the (T) is dominate. The (tt) plants will be short, because there is no dominate (T) to make them grow tall. As a result, three out of every four, or 75% of the offspring will be tall, while one out of four, or 25% will be short.
So far, we have seen that a gene pair is made up of two genes inherited from the parents of a living thing. We have seen that a dominate gene will mask, or hide the traits of a recessive gene.
Most gene pairs have a dominate and receive gene. But not always. Sometimes, instead of one gene dominating another, the genes produce a mixed result. A good example of this is with the Four-O' Clock Flower.   

[image: image33.jpg]


[image: image34.wmf]If you mix a red (RR) flower with a white (WW) flower, what will the offspring's gene pair look like? If you said (RW) you are correct. What color with the flower be? Neither the red, nor the white is dominate. Instead, the result is a mixed pink flower. 

When his work finally came to light in 1900, plant breeders everywhere could cross-pollinate with more accuracy.  Their efforts have brought us such plant varieties, or cultivars, as sweetheart and bridal white roses, beefsteak and roma tomatoes. 

Fun Facts about Genetics 

· Unless you are an identical twin, your DNA is unique. 

· Fingerprints are unique to each person, even identical twins. 

· Your gender and physical characteristics are determined by your DNA. 

· [image: image35.wmf]Genes exist in pairs; one half comes from a person's mother and the other half from the individual's father. 

· Humans have at least 20,000 genes. 

· Goldfish have more genes than humans do. 
· Bacteria and viruses also contain DNA.
As our knowledge of genetics increased during the last century, so did the sophistication of hybrid plant breeding. Breeders now follow complex schemes that involve cross-pollinating two plants that have been inbred for several generations. This results in offspring that have been enhanced for better seedling survival, larger, stronger plants, or higher yields. This quality is known as “hybrid vigor.” 
So what do plants have to do with us?

Humans have 23 sets of chromosomes in each cell in their body. Traits like a person's height, eye and hair color, and intelligence are all examples of those things that are determined by a person's genes. The code is found on a double strand that is known as DNA. 
Fun with Punnett
1. [image: image36.png]


________________: all the offspring are the same as the parents.
2. An offspring's ________________ is the result of the combination of genes in the sex cells or gametes (sperm and ova) that came together in its conception. 
3. A ________________ is any observable characteristic or trait of an organism, anything you can see.
4. When Mendel’s work finally came to light in 1900, plant breeders everywhere could ________________with more accuracy.
5. ________________ are unique to each person, even identical twins.  
6. Punnett Squares are diagrams used by scientists to help them to figure out how ___________________ (characteristics) will be distributed.
Fill out the following __________________  and use them to answer the questions:

[image: image37.wmf]How many/what percentage of each type of offspring will there be on average?

YG  _________   GG ___________ YY ______________

[image: image38.jpg]


As to phenotypes, _________ will be Y and only _______ will be G.
7. If a carrier (Aa) for such a recessive disease mates with someone who has it (aa), the likelihood of their children also inheriting the condition is far __________________.
Greater                  Lower

[image: image39.wmf]Unit 2: What and where is DNA? 
DNA is a set of instructions needed to make a living thing. Ask participants for their ideas about where in the body they might find DNA. Blood has DNA, of course, but not in the red blood cells—in the white blood cells. Pretty much every other cell in the body has DNA, including bone cells, organs, and skin. Your hair is made up of dead cells, which do have DNA, but it isn’t usually good quality unless you also get the still living root of the hair, the follicle. Each of your bodies is made up of trillions of cells, and almost every cell (give examples from the list) in your body has a complete copy of the DNA instructions for how to make you. But DNA is not just in people. Every single living thing has its own set of instructions made of DNA in its cells too.

[image: image40.jpg]


DNA, itself doesn’t actually do much; it’s just instructions for how to build a living thing. And a book of instructions can’t do anything by itself. It needs someone to read it and follow the directions, and get the materials to build what it is telling your to build. The actual work of doing the building, and, often, the building blocks themselves, are another type of molecules called proteins. Proteins do the majority of the work in our cells and make it possible for cells to perform special jobs, for example some of them catalyze (speed up) chemical reactions, transport proteins carry small molecules or ions across the cell membrane, from cell to cell, signaling proteins carry signals from cell to cell, and structural proteins give cells their different shapes, etc.

A gene is a piece of DNA that contains directions on how to build a specific protein. Proteins then do the work. Other sections of the DNA ladder that aren’t genes, but are still very important, have instructions on where, when, and how to build that protein, so that what should be built while a person is still a baby doesn’t get built instead when they are a teenager, for instance, or so that your bone cells don’t start making the same kinds proteins that are made in the skin. These “when, where and how” type of instructions are called regulatory DNA, they’re like the construction bosses, making sure everyone does their job at the right time.
What is the structure of DNA?

O kay, so we know DNA is instructions, and we know it’s in almost all of our cells, and the cells of every living thing. But what is it made of? What does it look like? Show picture of DNA
 DNA stands for deoxyribonucleic acid, which is a big name that’s fun to say. Have them say it with you. Point out that it’s shaped like a twisted ladder or spiral, and that there are four different colors in the rungs of the ladder. When isolated from a cell and stretched out, DNA looks like a twisted ladder. This shape is called a double helix. The sides of the DNA ladder are called the backbone and the steps (also called rungs) of the ladder are pairs of small chemicals called bases .Instead of using colors like we’re doing, scientists use four letters: A, T, C and G, to talk abut the tiny molecules that make up these rungs. Point out the rungs of the ladder on the model worksheet, and point out A always bonds to T and C always bonds to G.• The instructions in DNA are spelled out in the rungs. These four different molecules are like having a four letter alphabet to spell out instructions with.
[image: image41.emf] The molecules are adenine (AD-uh-neen), which bonds to thymine (THIGH-meen), amd cytosine (SIGH-tuh-seen), which bonds to guanine (GWAN-een).
In the rungs of the DNA ladder, why is it that A always bonds with T, and C always bonds with G?

The reason that A (adenine) always bonds to T (thymine) and that C (cytosine) always bonds to G (guanine) has to do with the way that different atoms are arranged in each of these four molecules. Picturing the four bases as puzzle pieces isn’t a bad way to think about it. The structure of thymine is actually very similar to cytosine, and the structure of adenine is similar to that of guanine. There are small differences that make A and T stick together better than A and C, or G and T. 

Show an assembled DNA model, and instruct participants to work in pairs to build their own.
Tell students their task is to use the following materials and procedure to construct an edible model of DNA. (This activity is  for non-commercial educational purposes only, Copyright 2008, University of Utah. Genetic Science Learning Center, University of Utah, http://learn.genetics.utah.edu Permission granted for classroom use. All rights reserved.) When they are finished, have them use toothpicks and tape to label one of each of the chemical bases. Note: Save the edible DNA models students build to use in additional activities.
[image: image42.emf]Per Strand:

· 2 pieces of licorice

· 12 toothpicks

· 9 pink marshmallows

· 9 yellow marshmallows 

· 9 green marshmallows

· 9 orange marshmallows

· 5 paperclips

Masking Tape

Step 1: Have students choose one of the sequences below.

Sequence 1: T A C G T A T G A A A C

[image: image43.emf]-or-

Sequence 2: T G G T T T A G A A T T

Step 2: Assemble one side of your DNA molecule. A piece of licorice will form the backbone and marshmallows will be the chemical bases. Place a marshmallow on the end of a toothpick so that the point of the toothpick goes all the way through. Anchor the toothpick into the licorice backbone. Refer to the chart to choose the correct color marshmallow to represent the chemical bases in your sequence. 
[image: image44.emf]Step 3: Now, Label the backbone. With a marker or pen and masking tape, label your licorice backbone “DNA- 1” or “DNA-2” depending on which sequence you used. Write the label on the left end of the licorice.  

[image: image45.emf]Step 4: Match the chemical base pairs. Place the color marshmallow for the matching chemical base on the other end of each toothpick. Remember that A always pairs with T and C always pairs with G!
[image: image46.emf]Step 5: Complete your DNA model. Attach the other backbone so your model looks like a ladder. 
[image: image47.jpg]


Step 6: Twist your DNA model. Carefully twist your DNA molecule so that it looks like a double helix.
Step 7: Label your model. Make flags to label the parts of your DNA out of paper clips and tape. Label one of each of the following: Adenine, Thymine, Cytosine, Guanine, and Backbone. Make sure your chemical base pairs are correct!
DNA is built so that it looks like it’s been twisted, counter-clockwise, so that it goes around one whole turn for every 10 rungs.  That’s the basics of how DNA is shaped. Human DNA is not just one ladder. Human DNA is organized into 23 pairs of ladders of different lengths.  If everyone in this class connected your DNA models end to end you’d still only have a little over (10 times the # of participants) rungs total on the ladder. But the shortest human DNA ladder is over 25 million rungs. Human DNA is over 2.4 billion rungs total That’s a big ladder. You’d need millions more classes like yours  to be able to put together a model for all of human DNA.
What does DNA look like to the naked eye? 
For those who've wondered what DNA actually looks and feels like, the following experiment can provide the answers. 

DNA is too small to see clearly with the naked eye— but if you have enough of it, you can see a big clump. So next, we’re going to extract DNA from wheat germ. Remember, we said that all living things have DNA? Well, the wheat germ is the embryo, the part of the wheat seed that grows into a new plant, and it has DNA too. Distribute trays of materials to each 4-6 participants. Instruct participants to fill a plastic cup halfway with water, and demonstrate as you go along.

[image: image48.jpg]


Add about 1 tsp. of wheat germ to the cup and mix.

Add 7-10 drops soap and stir quickly for one minute.

The reason we add soap is to break open the cells, in order to get to the DNA inside. 
You say that we’re using soap to break open cells during the DNA extraction, but the dish soap doesn’t do anything to my hands—aren’t people made of cells?

Yes, people are made of cells. It turns out that some of our cells are tougher than others. Soaps that work to break open wheat germ, (and for that matter work to kill the bacterial cells on dishes) don’t work too well on your tough skin cells. Other cells in your body would actually be vulnerable to dish soap, so it’s a good thing your skin is there to protect you. There are detergents that scientists use in laboratories that are too strong for skin, and so the scientists have to use gloves.

Allow the wheat germ to settle on the bottom of the cup for 1 minute. Using a plastic dropper, transfer two or three droppers-full of just the liquid at the top of the cup (try to avoid the solids at the bottom) to a test tube.

[image: image49.wmf]Use a clean plastic dropper or transfer pipette to dribble an amount of alcohol equal to the amount of wheat germ liquid down the side of the tube. Make sure to tell participants to try not to mix the two layers. We add alcohol because DNA does not dissolve in alcohol, like it does in water.
 So there you have it—that white feathery stuff floating in there is the wheat DNA. DNA is in all living things, and this is the DNA from wheat, which we extracted from inside the wheat cells.
Optional: have participants reach in with a glass rod or coffee stirrer and fish out the DNA.
How do we know what DNA looks like if it’s so small that most microscopes can’t see it? And how small is it, anyway?

DNA is actually a huge molecule, but a molecule is still a very small thing, and the reason people can’t normally see it is because it’s coiled very tightly into chromosomes. Extraction experiments allow the DNA to clump together. 
[image: image50.png]Detached Attached



For a long time, there weren’t any microscopes at all that could see it. The picture of DNA that convinced James Watson and Francis Crick of DNA’s double helix structure was an image of the pattern X-rays make when they bounce off crystals of a tiny molecule, in this case crystals of DNA, taken by scientist Rosalind Franklin in the early 1950s. X-ray diffraction is the name of this technique. Microscopes that could let people actually look at DNA directly were not invented until later. 

But how small is DNA? Well, you know that DNA has rungs like a ladder. Each of those rungs is about 3.3 Angstroms apart. An angstrom is a unit of length that is 10,000,000,000 times smaller than a meter. If you took a meter stick and divided it into a thousand pieces, you’d get a millimeter. Most rulers will show you what a millimeter looks like. If you took a millimeter and divided that into a thousand pieces, each one of those pieces would be a micrometer. If you took a micrometer (also sometimes called a micron) and divided that into a thousand pieces, each one of those is called a nanometer. If you divided a nanometer into ten pieces, each of those pieces would be an Angstrom. 

DNA is small. 
Taking apart the genome
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Illustrate the information composition of the human genome, show how little contains instructions
Materials:

Mix enough resealable plastic bags for groups of 3 (around 8-10 bags) with four different kinds of beads in the correct proportions (1:4:45:50), this works out to (2:8:90:100) beads/bag.
Small cups (4 per group)

Ex: Per Bag

· 2 wooden beads

· 8 plastic ovals

· 90 sparklies

· 100 “pony” beads (rounded barrels)
Divide the class into groups of 2 or 3 and pass out bags of beads.

 Now that we know about what DNA looks like, let’s talk about what it says about how to build living things—what is actually in those instructions. This information has only been known since about 2001. We’re going to pretend that each of these bags of beads represents all of human DNA. Scientists call all of human DNA the “human genome,” so each of these bags is like one copy of the human genome.

There are different types of beads in here, all mixed up, right? Each bead represents a section of the human genome, and these different kinds of beads signify different kinds of messages that are spelled out using our 4-letter DNA alphabet, to tell our cells what to do. (Show examples of the types of beads.)

The first thing we’re going to do is separate out these different kinds of messages. Have each group separate out each different kind of bead into a different plastic cup.Give the groups time to do this. When they are almost finished, continue.  Which type of bead is the most common? (The plastic cylinder-shaped ones are the most common.) These beads represent almost half of our DNA. What is interesting is that most of our DNA is not that useful, instructions-wise.

[image: image52.jpg]


This half of our DNA is really repetitive. It says the same thing over and over. If our DNA, our genome, is like an instruction manual for how to build a person, it’s basically like having a whole half of that instruction manual full of just the same few sentences, or even just a couple of letters sometimes, repeated over and over again, hundreds of thousands of times. This part that just says the same thing over and over again isn’t likely to have a whole lot of instructions about how to build a person. Ask students which kind of bead is the next most common? (The sparkly clear round ones.) These beads represent another huge part of our DNA. This part doesn’t seem to have any information at all, as though this much of our DNA were literally just gibberish, scientists don’t know what it is saying. They think some of it might be physically important to have around so that our cells are stable, but there don’t seem to be any instructions in it, as far as they can tell. Ask students what they have left. Ovals and wooden beads, right? Well, these last two sets of beads represent the part of human DNA that scientists think has all the useful instructions for how to build a person. Hold up wooden beads. The sections of the DNA ladder that tell your cells what to make is only this much of the total number of beads. The ovals, which are 3 times more common than the wooden oval ones, are DNA that is thought to control when and how the information in the wooden beads gets used. If the wooden beads are “what” to make, this part says “when, where, and how much.” This is important, because the cells in your bones aren’t using all the same genes at the same time, for instance, as the cells in, say, your skin. Have them re-mix the beads into the plastic bags. So we just divided up all of human DNA and found that about half is repetitive stuff with not a lot of information, another almost half seems to be just gibberish. A small part, these wooden beads tell the cell what to make, and another small part tells the cell when where and how much stuff to make.
Can scientists change the DNA of a person to make them stronger or give them special abilities? 

[image: image53.png]


Changing the DNA of a living organism has been tried and has even worked before. One main reason that you’d want to do that in the case of people, as you can probably guess, is to correct some genetic defect or cure a disease. To fix something that went wrong.  When you change the DNA of a person in order to improve their health, it’s called gene therapy. There have been some successes and some failures using gene therapy, so lots of scientists are studying ways to do this better. There are many disorders for which the only cure will have to be a genetic one. 
Imagine that you accidentally broke one of your neighbor's windows. What would you do? You could: 

1.Stay silent: no one will ever find out that you are guilty, but the window doesn't get fixed.

2.Try to repair the cracked window with some tape: not the best long-term solution.

3.Put in a new window: not only do you solve the problem, but also you do the honorable thing.

What does this have to do with gene therapy?

You can think of a medical condition or illness as a "broken window." Many medical conditions result from flaws, or mutations, in one or more of a person's genes. Mutations cause the protein encoded by that gene to malfunction. When a protein malfunctions, cells that rely on that protein's function can't behave normally, causing problems for whole tissues or organs. Medical conditions related to gene mutations are called genetic disorders.

So, if a flawed gene caused our "broken window," can you "fix" it? What are your options?

1.Stay silent: ignore the genetic disorder and nothing gets fixed.

[image: image54.wmf]2.Try to treat the disorder with drugs or other approaches: depending on the disorder, treatment may or may not be a good long-term solution.

3.Put in a normal, functioning copy of the gene: if you can do this, it may solve the problem!

If it is successful, gene therapy provides a way to fix a problem at its source. Adding a corrected copy of the gene may help the affected cells, tissues and organs work properly. Gene therapy differs from traditional drug-based approaches, which may treat the problem, but which do not repair the underlying genetic flaw.
Gene therapy carries the promise of cures for many diseases and for types of medical treatment most of us would not have thought possible. A type of gene therapy is being used to treat cancer. They are using genes from different animals, like gerbils, to help the immune system determine the difference between healthy cells and cancer cells in the body, and to eliminate the cancer cells. (By itself, the immune system is not always good at destroying cancer cells; if it were, people would not get cancer.) So gene therapies can help with diseases, but gene therapy is nowhere near the stage where you’d be able, or consider it safe enough, to give a healthy person superhuman powers. As we learn more about how the human body works at the molecular level, gene therapies will become more and more effective. Sometimes these changes happen on their own. These changes are called gene mutations.
What kinds of mutations are there?

[image: image55.wmf]There are almost as many ways to change DNA as you can imagine. Individual rungs of the DNA ladder can be replaced by other rungs. This is called a substitution mutation, and is generally the most common, but that does not mean it is the only thing that occurs. Rungs can be deleted, or inserted—one at a time, or in bigger chunks. Individual rungs or whole sections of the DNA ladder can be duplicated. Duplications of DNA are thought to be a major way that new genes are created, for instance. The copy of a gene, if it gets mutated further, can begin to take on new functions.
How many genes do we have?

Recent estimates say that humans have something like 20,000 genes. This is a much lower number than was originally thought before the human genome was sequenced, and indicates that there is a lot to be learned about the complexity of human beings by studying other ways that our DNA provides information—in other words, by studying regulatory DNA. 
The sequence of chemical bases for all twenty-three pairs of human chromosomes has been determined as part of the Human Genome Project (completed in April 2003). Knowing the sequence of a gene is only the beginning. Scientists now have the huge task of determining the function of our ~20,000 genes, and the special job each gene’s protein product performs in the cell.
Does DNA tell you everything about who I am?

Not by a long shot. DNA does tell you a lot, but one thing scientists are learning is that living things are built to be pretty flexible. There are plenty of traits that you may not get, even if you have “the gene for it,” because your environment plays a big role. That is called incomplete penetrance. And once you get away from single-gene traits (for instance, sickle cell anemia and cystic fibrosis are two famous disorders each caused by mutations to a single gene) you find that most traits (for example, schizophrenia, left handedness, heart disease) are probably [image: image56.wmf]caused by many different genes and non-gene regulatory DNA, all interacting with each other and with the environment. Traits that are influenced by many different genes are called complex traits, because, well, they’re complex. 

Right now, scientists are doing a lot of studies to try and figure out the genetics of complex traits. They are trying to find out which genes and regulatory DNA are involved, and to examine how the environment influences genetic traits. In many cases, environment is a major factor. 
DNA Alphabet: [image: image57.png]


Label and Match the chemical base pairs with their match. Remember that A always pairs with T and C always pairs [image: image58.jpg]


with G!
______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

______________________ 

Pair: ______________________ 

Unit 3:[image: image59.jpg]


 Siblings the Same?
Every person is unique, yet we all have traits we share in common with others. Families share many traits in common because they are related.  We all have inherited traits that we share in common with others. Families share many traits in common because parents pass down inherited traits to their children. Yet, every person has a combination of traits that is unique to them and unrelated individuals will also have traits in common.
Inherited traits are physical characteristics that can be passed down from parent to child. Learned traits are acquired through interactions with the environment. Sometimes we may think that the more common traits are “better”, but this is not always the case. Sometimes traits simply show up more frequently in the human population.

People also sometimes think that dominant traits are more common than recessive traits. However, frequency has very little to do with whether a trait is dominant or recessive. That is, a dominant trait is not necessarily more common and a recessive trait is not necessarily rare in a population.
[image: image60.wmf]There are some traits that even control how your tongue works! In 1931, a chemist named Arthur Fox sat at his DuPont Company lab bench, mixing a powdered chemical. He accidentally let a bit of the powder blow into the air around him. Fox and another scientist got some of the chemical into their mouths. Dr. Fox's colleague exclaimed how bitter the powder tasted. Fox was surprised -- he had been much closer to the chemical, but he tasted nothing at all. Both men tasted the chemical again. Again, Fox said the chemical was tasteless, but his co-worker insisted it was very bitter. Fox handed out crystals of the chemical, which were not poisonous, to his friends, family members and fellow scientists and asked them if they tasted anything. Some people, like Fox, tasted nothing; others found the chemical somewhat bitter or intensely bitter.

[image: image61.wmf] Dr. Fox's chemical, called phenylthiocarbamide (PTC), has been used widely since its discovery to detect genetic variation in tasting abilities. Studies soon after the incident in Fox's lab showed that there is a genetic component that influences how PTC tastes. Scientists found that people were much more likely to find PTC bitter if other members of their family also found it bitter. The evidence was so strong for a genetic link that PTC tasting ability was used as evidence in paternity tests, seeing who was a baby’s father, before DNA tests were available. 
Using molecular genetics techniques with a variety of families, Kim isolated an area on chromosome 7 that was likely to contain a gene affecting PTC tasting ability. This region, however, also contained more than 150 other genes. Of these, nine were known to produce proteins for bitter taste receptors on the tongue. To narrow down their search, the researchers figured out the DNA sequences of all nine of these genes. They looked to see if different people had different versions of the same gene for any of these, and, if so, if any gene variations correlated with PTC sensitivity.
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Researchers found a single gene for a bitter taste receptor that completely explains different PTC tasting abilities. There are actually three versions of this gene that differ from one another only slightly. This small difference in the gene, and in the protein that it makes, eventually forms a tongue taste receptor that has a different shape from a "normal" bitter taste receptor. This altered shape means that the person's receptors will not respond to PTC and the person will not think the PTC  tastes bitter. Since all people have two copies of every gene, different combinations of the bitter taste gene (two copies of form 1; one copy of form 1 and one of form 2; two copies of form 3; etc.) determine whether someone finds PTC intensely bitter, somewhat bitter, or without taste at all. Note: The ability to taste PTC shows a dominant pattern of inheritance. A single copy of a tasting allele (T) conveys the ability to taste PTC. Non-tasters have two copies of a non-tasting allele (t).
The PTC gene, TAS2R38, was discovered in 2003.

Some scientists are now interested in potential health applications of genetic taste studies. For example, people who find PTC bitter are suspected to find the taste of cigarettes bitter, which could make strong tasters less likely to smoke. There are also possible correlations between the ability to taste PTC and preferences for certain foods, which could influence a person's diet. These types of correlations are very uncertain, however: it's going to be a while before a phenylthiocarbamide gene provides an excuse for why some of us think that broccoli is just too bitter to eat. PTC paper (Phenylthiocarbaminde)  is not very expensive is fairly readily available. (average price $3.95 for 100 strips)  Have students test their taste buds traits. The ratio of tasters to non-tasters varies between populations, but every group has some tasters and some non-tasters. On average, 75% of people can taste PTC, while 25% cannot.
Note: PTC sensitivity is often used as an example of a simple Mendelian trait with dominant inheritance. However, tasters vary greatly in their sensitivity to PTC. And while the PTC gene has about 85% of the total influence over whether someone is a taster or a non-taster, there are many other things that affect PTC tasting ability. Having a dry mouth may make it more difficult to taste PTC. What you ate or drank before sampling PTC paper may also affect your tasting ability. And an individual's sensitivity may change over time. Some people may find that they can taste PTC on some days, but not on others.

[image: image63.wmf]Are you exactly the same as your brothers and sisters? Why or why not? 
I’m Like Me, and You’re Like You!
Students take an inventory of their own easily-observable genetic traits and compare those inventories with other students in groups. Students then make data tables and bar graphs showing the most and least common traits in their group.
Objectives:

· Traits are observable characteristics that are passed down from parent to child.

· An individual will have many traits they share in common with others.

· An individual’s overall combination of traits makes them unique.

· Some traits are more common in a population than others.
Begin by demonstrating one of the traits listed in An Inventory of My Traits: Survey Ask students who possess this trait to stand. Point out the relative numbers of students standing and sitting for the trait. Continue this process with 2-3 more traits. Ex: tongue rolling  and earlobe attachment traits
Explain that traits are observable characteristics we inherit from our parents. Some traits are common in a population (our class) while others are not. And, every person has a different overall combination of traits that makes them unique.

Divide students into groups of four or more. Have each student in the group complete An Inventory of My Traits: Survey to determine their unique combination of the traits described.

After students complete the survey, have them tally their group information on a data table  and draw a bar graph showing your class’ results.
[image: image64.wmf]Optional : You may collect the traits data from the whole class by creating a large wall chart Have a representative from each group fill in their data. Once all the data has been collected, have the students make a bar graph from the class data or make one large graph together.
Ask students to predict how many traits they would have to look at on the Survey in order to identify any given classmate as unique. Select a volunteer who would like to determine his or her uniqueness. Ask all students to stand. Have the volunteer call out one of their traits at a time, beginning with question 1 on the Survey and continuing in sequence. For each trait, direct all students who do not share that trait to sit down; students who share the trait remain standing. Once a student sits down, they do not get up again.
Continue in this way until the volunteer is the only one standing. Count the number of traits it took to distinguish the volunteer from everyone else in the class. Compare this number with the students’ predictions. 

Repeat with several additional volunteers.
Math extension:
Have students practice converting fractions to decimals, then decimals into percentages by calculating the frequency of the following traits in your classroom: tongue rolling, handedness and hand clasping.

∙ Students can then compare their calculated frequencies with those for the general population (provided in the table below *Frequencies for traits are from Online Mendelian Inheritance In Man (see http://www.ncbi.nlm.nih.gov/omim/).).

Example: # of students with the trait/# of students in the class x 100 = ________% 

15 tongue rollers / 21 students in the class x 100 = 71%
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	Trait
	Frequency in General Population*

	Tongue rolling 
	Can roll tongue – 70%

Cannot roll tongue – 30%

	Handedness
	Right handed – 93%

Left handed – 7%

	Hand clasping 
	Left thumb on top – 55%

Right thumb on top – 44%

No preference – 1%


What combination of these traits do you have? 
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Answer the questions to find out. 

1. I have detached earlobes. Yes
No

2. I can roll my tongue. Yes
No
3. I have freckles Yes
No
4. I have dimples. Yes
 No
5. I am right-handed. Yes 
No
6. I have freckles  Yes 
No
7. I have naturally curly hair. Yes 
No
8. I have a cleft chin. Yes 
No 
9. I have allergies. Yes 
No
10.  I cross my left thumb over my right when I clasp my hands together.  Yes 
No 
11. I can see the colors red and green ( I am not color blind)  Yes 
No 
12. The hairline on my forehead is straight.
Yes 
No 
13. I can taste PTC. Yes 
No 
14.  I am a: Male 
Female

Unit 4: Doggone Genetics
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Participants create and decode a “DNA recipe” for man’s best friend to observe how variations in DNA lead to the inheritance of different traits. Strips of paper (representing DNA) are randomly selected and used to assemble a DNA molecule. Participants read the DNA recipe to create a drawing of their pet, and compare it with others in the group to note similarities and differences. This activity is  for non-commercial educational purposes only, Copyright 2008, University of Utah. Genetic Science Learning Center, University of Utah, http://learn.genetics.utah.edu Permission granted for classroom use. All rights reserved.
What Students Should Learn:

· Every organism inherits a unique combination of traits. 

· DNA is a set of instructions that specifies the traits of an organism.

· Information in the DNA molecule is divided into segments (called genes).
· Variations in the DNA lead to the inheritance of different traits.
Materials:

· Copies of participant pages

· drawing paper

· crayons or colored pencils

· tape

· envelopes

· colored printer paper in 4 different colors .

“Dog DNA” envelopes: 
1. To prepare 14 envelopes, make four copies each of DNA Strips A, B, C, and D on colored paper. Choose one color for each type of DNA Strip. For example: 

DNA Strips A  4 copies on Blue 

DNA Strips B  4 copies on Green 

DNA Strips C 4 copies on Yellow 

DNA Strips D  4 copies on Red

2. Cut out the DNA strips on each page (a paper-cutter works well).

3. Place two DNA strips of each color into an envelope. The envelope should contain eight DNA strips total (four different colors).

4. Repeat step three until you have assembled 14 (or however many you need) “Dog DNA” envelopes.

[image: image68.wmf]Note: Eight is the minimum number of DNA strips per envelope that you need to carry out the activity. Adding more DNA strips of each color increases the variety of possibilities for each trait. 
5. Make enough copies of the Dog Body Parts pages for each  student or group to have a set to view  and use as they work.

Instructions: 
A set of instructions called DNA makes a “recipe” for traits in all organisms.  Just as a recipe is used to cook a meal or a blueprint is used to build a home, DNA contains instructions that specify an organism’s traits. Information in a DNA strand is grouped into small segments. Each segment is made of even smaller units (like recipes are made of words, and words are made of letters). Differences in the DNA “alphabet” are what make differences in traits (just like a different sequence of letters makes different words, and a different recipe).
Tell students, have students read the following the directions below to create a DNA recipe for a dog. Using the Dog Traits Key, they will read their DNA recipe and make a drawing of their dog showing all of its traits. You may want to show a completed DNA “recipe” and point out the different segments (representing genes) as well as the 4 symbols (representing the 4 chemical bases A, C, G and T) that make up the DNA alphabet in this activity. 

Review the instructions. You may want to demonstrate how to use the Dog Traits Key. Read the DNA recipe and identify the first trait. 

Remind participants to leave the DNA strips they choose out of the envelope and tape them together in order. The resulting long strand will be their DNA recipe. Have participants work individually or in pairs to complete the activity. When participants have finished, have them post their dog drawings on the wall along with the DNA recipe for their dog.
Student Directions:
1. Make sure you have an envelope containing “Dog DNA”.

2. Determine the first trait of your dog (body shape) by randomly picking a piece of dog DNA out of the envelope.

3. Look at the symbols on the DNA strip you have chosen. Match the pattern to one you see on the Dog Traits Key for body shape. 

4. Circle the picture for body shape that matches the DNA piece that you picked. 

5. Set the piece of DNA aside and repeat steps 1-4 for the next trait on the key.
6. After circling the matching picture, tape the second piece of DNA to the first to make one long strand. This will become the DNA recipe for your entire dog.

7. Repeat these steps for each of the traits listed on the Dog Traits Key. (Body Shape, Head Shape, Ears, Legs, Eyes, Tail, Coat Color, Hair).
8. When you have finished, draw your dog with all of its traits (the traits you have circled on the Dog Traits Key) on a separate piece of paper. 

9. Hang up the picture of your dog along with its DNA recipe (the DNA pieces you chose attached in a long strand). 

Is your dog different from or the same as others in the class?
Discussion
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Are any two dogs alike? Point out that every dog shares some traits in common with others, but each has an overall combination of traits that is unique.

Explain that variations in each DNA strand (the sequence of symbols) led to the inheritance of different traits. 
Information in a DNA strand (or molecule) is grouped into small segments called genes (represented here by colored DNA strips). 

A single DNA strand is often referred to as a chromosome. In this example, the dog had one chromosome containing 8 genes. (Humans have 23 pairs of chromosomes containing over 22,000 genes!)

The DNA molecule contains a sequence of four chemical bases  (represented here by four symbols). Each base is referred to by the first letter of its name: Adenine (A), Cytosine (C), Guanine (G) and Thymine (T). The sequence of these chemical bases encodes a detailed set of instructions for building an organism’s traits. (The human genome contains approximately 3 billion pairs or bases!)

Participants are asked to assemble their DNA strips in the order they were drawn. This is because all individuals of a species have the same genes in the same order along their chromosomes. (This is what allows researchers to “map” the location of a gene to a specific place on a chromosome.) It is the small sequence variations within each gene that lead to differences in traits. 

There is usually a limited number of sequence variations for a gene. That is, a gene usually comes in a few different forms or flavors (called “alleles”). There was a possibility of four different flavors or alleles for each of the dog genes in this activity.

In this activity, a single gene determined each dog trait. More often a trait is influenced by more than one gene as well as environmental factors.
Extension:

As a group, make a “map” of the dog genome. Compare the different DNA recipes hanging up in the room. Point out that the gene for body shape is always at the top of the DNA molecule (or chromosome), the gene for head shape is always second, and so on. Draw a representation of a chromosome having 8 segments. Have participants come up with a creative name for each gene. Label the segments with the gene names, and specify the trait they encode. Point out that although each dog looks differently (has a different combination of traits), it is still possible to make a general map of the dog genome. 

Option: Show participants a completed map of the human genome (e.g., the Human Genome Landmarks Poster  or its web companion) and discuss how researchers have mapped the 22,000 plus genes to particular locations on the 23 pairs of human chromosomes. To order a free copy of this poster or view it online, check out the web site developed by the U.S. Department of Energy’s Human Genome Management Information System (HGMIS).
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